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Final Report
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Objective: The overall objective of our research were to
document the extent to which burrowing macrofauna can be
used to enhance biodegradation of aliphatic and aromatic
hydrocarbon pollutants in marine sediments by stimulating
aerobic microbial hydrocarbon metabolism in burrow walls.

Research Accomplishments: Our specific objectives included
characterizing degradation potentials for burrow wall
sediments from a variety of common macrofauna. In
addition, we enriched and isolated relevant PAH-degrading
bacteria and conducted manipulative experiments with them
to enhance degradation in sediments. 1In a parallel effort,
we have explored the anaerobic degradation of polar PAH
metabolites that often persist in environments with
significant PAH loading. We used burrow wall sediments
from polychaetes, molluscs and hemichordates in a variety
of laboratory assays to determine patterns and potentials
of PAH degradation. These assays identified significant
degradation potentials for a range of aliphatic and
aromatic hydrocarbons relative to non-burrow sediments. PAH
degradation potentials of burrow sediments from two
polychaetes (Nereis virens and Clymenella torquata), a
mollusc (Mya arenaria) and an enteropneust (Saccoglossus
bromophenolosus) were generally greater than potentials for
non-burrow sediments; relative rates of degradation varied
among the burrow wall sediments depending on the PAH
assayed. Comparisons of the effects of available electron
acceptors (oxygen, nitrate, ferric iron, sulfate) indicated
that significant degradation of benzene, hexadecane and PAH
occurred only in the presence of molecular oxygen.

However, the capacity for oxic phenanthrene degradation was
stable during incubations with alternating oxic and anoxic




conditions, suggesting significant anoxia tolerance for the
PAH degraders. Although burrow wall sediments were
biogeochemically distinct with respect to rates of sulfate
reduction, potential denitrification and potential ammonia
oxidation, these patterns were not related to those of PAH
degradation.

We have isolated two pure cultures and currently have
several mixed cultures of PAH degraders from various burrow
wall sediment enrichments. The pure cultures, LC8 and M4-6
originated from different burrow types. Both readily
degrade naphthalene, phenanthrene and anthracene. In
addition, LC-8 cometabolized a variety of larger or more
complex PAH including dibenzothio-phene, pyrene and

benz (a)anthracene. A phylogenetic analysis of the two
igsolates (based on full length 16S rRNA gene sequences)
indicates that LC-8 is a novel organism related to
Sphingomonas, but mostly likely in a new genus. The second
isolate, M4-6 has a similar degradation spectrum as LC-8,
but is a novel spirillum within the genus Cycloclasticus.
Based on its distinct phylogeny, morphology and biochemical
characteristics, we have proposed a new species name for
it, spirillensus. We have also isolated a third novel PAH
degrader from a naturally hydrocarbon-enriched freshwater
system; phylogenetic and microbiological analyses indicate
that it is closely related to Sphingomonas aromaticovorans,
a known PAH degrader Our isolate grows rapidly on a range
of PAH and appears more robust in this capacity than many
previously reported PAH degraders. Finally, a long-term
assay for anaerobic 4-HNA degradation has revealed a slow
but significant degradation under sulfate reducing
conditions from some but not all sediments examined.

Conclusions: We have isolated novel marine PAH-degrading
bacteria from animal burrow walls. These bacteria can be
used in controlled additions to contaminated sediments or
as sources for genetic engineering of improved PAH
degradation. We have shown that when added to sediments,
these isolates enhance PAH degradation.

Significance: Collectively, the results of this study
provide a basis for designing systems for bioremediation of
coastal sediments contaminated by Navy fuels.
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